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(54) DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stably and accurately 
supply desired current to a light emitting element of 
each pixel and to suppress the current leak 
independently of characteristic dispersion of an active 
element inside the pixel exists. 

SOLUTION: Each pixel consists of a receiving transistor 
TFT3 which takes in a signal current Iw from a data line 
data when a scanning line scanA is selected, a 
converting transistor TFT1 which temporarily converts 
the current level of the taken in signal current Iw to a 
voltage level and holds it, and a driving transistor TFT2 
which provides a flow of driving current having a current oeWjft 
level corresponding to the held voltage level to a light 
emitting element OLED. The TFT1 provides a flow of the 
current Iw taken in by the TFT3 to its own channel to 
generate a converted voltage level at its own gate and a 
capacitor C holds the voltage level generated at the gate 
of the TFT1. The TFT2 makes a driving current having a 
current level corresponding to the voltage level held in 

the capacitor C flow through the element OLED. Note that the threshold voltage of the TFT2 is 
set so that the voltage dose not become lower than the threshold voltage of the TFT1 to 
suppress leak current. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Display equipped with two or more pixels which contain the current drive type light emitting device which 
emits light in response to supply of drive current while being allotted to the intersection of the data-line drive circuit 
containing the current source which generates the signal current which has the scanning-line drive circuit which is 
characterized by providing the following, and which chooses the scanning line one by one, and the current level 
according to brightness information, and is serially supplied to the data line, and the each scanning line and each data 
line. The pixel concerned is accession department which incorporates the signal current from the data line concerned 
when the scanning line concerned is chosen. The transducer which once changes the current level of the incorporated 
signal current into a voltage level, and holds it. The aforementioned transducer is the insulated-gate type field-effect 
transistor for conversion equipped with the gate, the source, the drain, and the channel including the mechanical 
component which passes the drive current which has the current level according to the held voltage level to the light 
emitting device concerned. The capacity linked to this gate is included, the aforementioned insulated-gate type field- 
effect transistor for conversion makes this gate generate the voltage level which passed the signal current incorporated 
by this accession department to this channel, and was changed, the aforementioned capacity holds the voltage level 
produced to this gate, and the aforementioned mechanical component is the gate, a drain, the source, and a channel. 
[Claim 2] The aforementioned insulated-gate type field-effect transistor for a drive is display according to claim 1 set 
up so that the gate length may not become shorter than the gate length of the insulated-gate type field-effect transistor 
for conversion which corresponds within a pixel. 

[Claim 3] The aforementioned insulated-gate type field-effect transistor for a drive is display according to claim 1 set 
up so that the gate insulator layer may not become thinner than the gate insulator layer of the insulated-gate type field- 
effect transistor for conversion which corresponds within a pixel. 

[Claim 4] The aforementioned insulated-gate type field-effect transistor for a drive is display according to claim 1 set 
up so that it may not become lower than the threshold voltage of the insulated-gate type field-effect transistor for 
conversion to which the high impurity concentration injected into a channel is adjusted, and the threshold voltage 
corresponds within a pixel. 

[Claim 5] The aforementioned insulated-gate type field-effect transistor for a drive is display according to claim 1 
which passes the drive current according to the difference of the voltage level and threshold voltage which operated by 
the saturation region and were impressed to the gate to this light emitting device. 

[Claim 6] Display according to claim 1 with which the gate of the aforementioned insulated-gate type field-effect 
transistor for conversion and the gate of the aforementioned insulated-gate type field-effect transistor for a drive are 
directly connected, constitute current Miller circuit, and it was made for the current level of the signal current and the 
current level of drive current to serve as proportionality. 

[Claim 7] The aforementioned transducer contains the insulated-gate type field-effect transistor for a switch inserted 
between the drain of this insulated-gate type field-effect transistor for conversion, and the gate. This insulated-gate 
type field-effect transistor for a switch While flowing when changing the current level of the signal current into a 
voltage level, connecting electrically the drain and the gate of this insulated-gate type field-effect transistor for 
conversion and making the gate produce the voltage level on the basis of the source This insulated-gate type field- 
effect transistor for a switch is display given in claim 1 written which separates from a drain this capacity that it was 
intercepted when holding a voltage level in this capacity, and was connected to the gate of this insulated-gate type 
field-effect transistor for conversion, and this. 

[Claim 8] The aforementioned light emitting device is display according to claim 1 which uses organic 
electroluminescent element. 

[Claim 9] The aforementioned insulated-gate type field-effect transistor for a drive and the insulated-gate type field- 
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effect transistor for conversion are display according to claim 1 which is the TFT which formed the source, the drain, 
and the channel by the polycrystal semiconductor thin film. 

[Claim 10] The pixel circuit which drives the current drive type light emitting device which is allotted to the 
intersection of the data line which supplies the signal current of current level according to brightness information 
characterized by providing the following, and the scanning line which supplies a selection pulse, and emits light by 
drive current. Accession department which answers a selection pulse from this scanning line, and incorporates the 
signal current from this data line. The transducer which once changes the current level of the incorporated signal 
current into a voltage level, and holds it. The aforementioned transducer is the insulated-gate type field-effect transistor 
for conversion equipped with the gate, the source, the drain, and the channel including the mechanical component 
which passes the drive current which has the current level according to the held voltage level to the light emitting 
device concerned. The capacity linked to this gate is included, the aforementioned insulated-gate type field-effect 
transistor for conversion makes this gate generate the voltage level which passed the signal current incorporated by this 
accession department to this channel, and was changed, the aforementioned capacity holds the voltage level produced 
to this gate, and the aforementioned mechanical component is the gate, a drain, the source, and a channel. 
[Claim 1 1] The aforementioned insulated-gate type field-effect transistor for a drive is a pixel circuit according to 
claim 1 0 set up so that the gate length may not become shorter than the gate length of the insulated-gate type field- 
effect transistor for conversion. 

[Claim 12] The aforementioned insulated-gate type field-effect transistor for a drive is a pixel circuit according to 
claim 1 0 set up so that the gate insulator layer may not become thinner than the gate insulator layer of the insulated- 
gate type field-effect transistor for conversion. 

[Claim 13] The aforementioned insulated-gate type field-effect transistor for a drive is a pixel circuit according to 
claim 1 0 set up so that the high impurity concentration injected into a channel may be adjusted and the threshold 
voltage may not become low from the threshold voltage of the insulated-gate type field-effect transistor for conversion. 

[Claim 14] The aforementioned insulated-gate type field-effect transistor for a drive is a pixel circuit according to 
claim 1 0 which passes the drive current according to the difference of the voltage level and threshold voltage which 
operated by the saturation region and were impressed to the gate to this light emitting device. 

[Claim 15] The pixel circuit according to claim 10 where the gate of the aforementioned insulated-gate type field-effect 
transistor for conversion and the gate of the aforementioned insulated-gate type field-effect transistor for a drive are 
connected directly, constitute current Miller circuit, and it was made for the current level of the signal current and the 
current level of drive current to serve as proportionality. 

[Claim 16] The aforementioned transducer contains the insulated-gate type field-effect transistor for a switch inserted 
between the drain of this insulated-gate type field-effect transistor for conversion, and the gate. This insulated-gate 
type field-effect transistor for a switch While flowing when changing the current level of the signal current into a 
voltage level, connecting electrically the drain and the gate of this insulated-gate type field-effect transistor for 
conversion and making the gate produce the voltage level on the basis of the source This insulated-gate type field- 
effect transistor for a switch is a pixel circuit given in claim 10 written which separates from a drain this capacity that it 
was intercepted when holding a voltage level in this capacity, and was connected to the gate of this insulated-gate type 
field-effect transistor for conversion, and this. 

[Claim 17] The aforementioned light emitting device is a pixel circuit according to claim 10 which uses organic 
electroluminescent element. 

[Claim 1 8] The aforementioned insulated-gate type field-effect transistor for a drive and the insulated-gate type field- 
effect transistor for conversion are a pixel circuit according to claim 10 which is the TFT which formed the source, the 
drain, and the channel by the polycrystal semiconductor thin film. 

[Claim 19] It is the drive method of the light emitting device which the procedure using the insulated-gate type field- 
effect transistor for a drive characterized by to provide the following includes, and this insulated-gate type field-effect 
transistor for a drive passes through a channel the drive current which accepts in the gate the voltage level held at this 
capacity, and has the current level according to it to this light emitting device in this procedure, and sets up so that the 
threshold voltage may become lower than the threshold voltage of the insulated-gate type field-effect transistor for 
conversion as for this insulated-gate type field-effect transistor for a drive. The acceptance procedure of being allotted 
to the intersection of the data line which supplies the signal current of current level according to brightness 
information, and the scanning line which supplies a selection pulse, being the drive method of the light emitting device 
which drives the current drive type light emitting device which emits light by drive current, answering a selection pulse 
from this scanning line, and incorporating the signal current from this data line. The conversion procedure of once 
changing the current level of the incorporated signal current into a voltage level, and holding it. The aforementioned 
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conversion procedure is the insulated-gate type field-effect transistor for conversion equipped with the gate, the source, 
the drain, and the channel including the drive procedure of passing the drive current which has the current level 
according to the held voltage level to the light emitting device concerned. Include the procedure using the capacity 
linked to this gate, this insulated-gate type field-effect transistor for conversion makes this gate generate the voltage 
level which passed the signal current incorporated by this acceptance procedure to this channel, and was changed in 
this procedure, the aforementioned capacity holds the voltage level produced to this gate, and the aforementioned drive 
procedure is the gate, a drain, the source, and a channel. 

[Claim 20] The aforementioned insulated-gate type field-effect transistor for a drive is the drive method of the light 
emitting device according to claim 1 9 set up so that the gate length may not become shorter than the gate length of the 
insulated-gate type field-effect transistor for conversion. 

[Claim 21] The aforementioned insulated-gate type field-effect transistor for a drive is the drive method of the light 
emitting device according to claim 19 set up so that the gate insulator layer may not become thinner than the gate 
insulator layer of the insulated-gate type field-effect transistor for conversion. 

[Claim 22] The aforementioned insulated-gate type field-effect transistor for a drive is the drive method of the light 
emitting device according to claim 19 set up so that the high impurity concentration injected into a channel may be 
adjusted and the threshold voltage may not become low from the threshold voltage of the insulated-gate type field- 
effect transistor for conversion. 

[Claim 23] This insulated-gate type field-effect transistor for a drive is the drive method of the light emitting device 
according to claim 19 which passes the drive current according to the difference of the voltage level and threshold 
voltage which operated by the saturation region and were impressed to the gate to this light emitting device. 
[Claim 24] The drive method of a light emitting device according to claim 19 of the gate of this insulated-gate type 
field-effect transistor for conversion and the gate of this insulated-gate type field-effect transistor for a drive being 
connected directly, constituting current Miller circuit, and having made it the current level of the signal current and the 
current level of drive current serve as proportionality. 

[Claim 25] The aforementioned conversion procedure includes the procedure using the insulated-gate type field-effect 
transistor for a switch inserted between the drain of this insulated-gate type field-effect transistor for conversion, and 
the gate, and sets it for this procedure. This insulated-gate type field-effect transistor for a switch It flows, when this 
insulated-gate type field-effect transistor for conversion changes the current level of the signal current into a voltage 
level. While connecting electrically the drain and the gate of this insulated-gate type field-effect transistor for 
conversion and making the gate produce the voltage level on the basis of the source This insulated-gate type field- 
effect transistor for a switch is the drive method of the light emitting device given in claim 19 written which separates 
from a drain this capacity that it was intercepted when holding a voltage level in this capacity, and was connected to 
the gate of this insulated-gate type field-effect transistor for conversion, and this. 

[Claim 26] The aforementioned light emitting device is the drive method of the light emitting device according to 
claim 19 which uses organic electroluminescent element. 

[Claim 27] The aforementioned insulated-gate type field-effect transistor for a drive and the insulated-gate type field- 
effect transistor for conversion are the drive method of a light emitting device according to claim 1 9 using the TFT 
which formed the source, the drain, and the channel by the polycrystal semiconductor thin film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the display equipped with the light emitting 
device by which brightness is controlled by current, such as an organic electroluminescence (EL) element, for every 
pixel. It is related with the so-called active-matrix type image display equipment with which the amount of current 
supplied to a light emitting device is controlled by active elements, such as an insulated gate field effect transistor 
prepared in each pixel, in more detail. Furthermore, it is related with the suppression technology of the leakage current 
of sub threshold level which flows to an insulated gate field effect transistor in detail. 
[0002] 

[Description of the Prior Art] A picture is displayed by arranging many pixels in in the shape of a matrix, and 
generally, controlling optical intensity by active-matrix type image display equipment for every pixel according to the 
given brightness information. When liquid crystal is used as an electrooptic material, the permeability of a pixel 
changes according to the voltage written in each pixel. It is the same as that of the case where fundamental operation 
uses liquid crystal also with active-matrix type image display equipment using an organic electroluminescence material 
as an electrooptic material. However, unlike a liquid crystal display, an organic EL display is the so-called spontaneous 
light type which has a light emitting device in each pixel, and has an advantage, like needlessness and a speed of 
response have a quick back light with the high visibility of a picture compared with a liquid crystal display . The 
brightness of each light emitting device is controlled by the amount of current. That is, in that a light emitting device is 
a current drive type or a current control type, a liquid crystal display etc. is large and it differs. 
[0003] A passive matrix and an active matrix are possible also for an organic EL display as the drive method like a 
liquid crystal display. Although structure of the former is simple, since realization of a large-sized and high definition 
display is difficult, development of an active matrix is performed briskly. An active matrix is controlled by the active 
element (generally it may call the TFT which is a kind of an insulated gate field effect transistor, and Following TFT) 
which prepared the current which flows to the light emitting device prepared in each pixel in the interior of a pixel. The 
organic EL display of this active matrix is indicated by JP,8-234683,A, and shows the equal circuit for 1 pixel to 
drawings . A pixel consists of a light emitting device OLED, first TFT TFT1, second TFT TFT2, and retention 
volume C. A light emitting device is an organic electroluminescence (EL) element. Since an organic EL element has a 
rectifying action in many cases, it may be called OLED (organic light emitting diode), and uses the sign of diode as a 
light emitting device OLED drawing. However, a light emitting device is not necessarily restricted to OLED, and 
brightness should just be controlled by the amount of current which flows for an element. Moreover, as for a light 
emitting device, a rectifying action is not necessarily required. In the example of illustration, the source of P channel 
type TFT2 is set to Vdd (power supply potential), and while the cathode (cathode) of a light emitting device OLED is 
connected to grounding potential, the anode (anode plate) is connected to the drain of TFT2. On the other hand, the 
gate of N channel type TFT1 is connected to the scanning line scan, the source is connected to data-line data, and the 
drain is connected to the gate of retention volume C and TFT2. 

[0004] In order to operate a pixel, first, the scanning line scan is made into a selection state, if the data potential Vw 
which expresses brightness information to data-line data is impressed, TFT1 flows, retention volume C charges or 
discharges, and the gate potential of TFT2 is in agreement with the data potential Vw. If the scanning line scan is made 
into the state where it does not choose, TFT1 is turned off [ it ], and although TFT2 is electrically separated from data- 
line data, the gate potential of TFT2 will be stably held with retention volume C. The current which flows to a light 
emitting device OLED through TFT2 serves as a value according to the gate / voltage Vgs between the sources of 
TFT2, and a light emitting device OLED continues emitting light by the brightness according to the amount of current 
supplied through TFT2. 
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[0005] Now, when the current which flows between the drain/source of TFT2 is set to Ids, this is drive current which 
flows to OLED. Ids is expressed with the following formulas when TFT2 shall operate by the saturation region. 
-Ids=mu-Cox-W/L / 2(Vgs-Vth) 2 = mu-Cox-W/L / 2(Vw-Vth) 2 - (1) 
Cox is a gate capacitance per unit area, and is given by the following formulas here. 
Cox=epsilon 0 and epsilonr/d — (2) 

(1) Vth shows the threshold of TFT2 among a formula and (2) formulas, mu shows the mobility of a carrier, W shows 
channel width, L shows channel length, epsilon 0 shows the dielectric constant of vacuum, epsilonr shows the specific 
inductive capacity of a gate insulator layer, and d is the thickness of a gate insulator layer. 

[0006] (1) According to the formula, Ids can be controlled by the potential Vw written in a pixel, and the brightness of 
a light emitting device OLED can be controlled by it as a result. Here, the reason for operating TFT2 by the saturation 
region is as follows. That is, it is because the drive current Ids of the specified quantity can be passed to OLED even if 
it changes Vds by property dispersion of OLED, since Ids is controlled only by Vgs in a saturation region and it is not 
dependent on a drain / voltage Vds between the sources. 

[0007] As mentioned above, once it writes in Vw, by the circuitry of the pixel shown in drawing 6 , OLED will 
continue luminescence by fixed brightness between 1 scanning cycles (one frame) until it is rewritten next. If a 
majority of such pixels are arranged in the shape of a matrix like drawing.7 , active-matrix type display can be 
constituted. As shown in drawing^ , the scanning line scanl for the conventional display choosing a pixel 25 in a 
predetermined scanning cycle (for example, frame period according to NTSC specification) or scanN, and data-line 
data that gives the brightness information (data potential Vw) for driving a pixel 25 are arranged in the shape of a 
matrix. While the scanning line scanl or scanN is connected to the scanning-line drive circuit 21, data-line data is 
connected to the data-line drive circuit 22. A desired picture can be displayed by repeating the writing of Vw from 
data-line data by the data-line drive circuit 22, choosing the scanning line scanl or scanN one by one by the scanning- 
line drive circuit 21. With simple matrix type display, with the active-matrix type display shown in drawing 7 to 
emitting light only at the moment of being chosen, in order that the light emitting device of each pixel 25 may continue 
luminescence also for after a write-in end, the light emitting device contained in each pixel is compared with a simple 
matrix type, are points - the level of the drive current of a light emitting device can be lowered — and becomes 
advantageous on a high definition large-sized display especially. 
[0008] 

[Problem(s) to be Solved by the Invention] In an active-matrix type organic EL display, although TFT (Thin Film 
Transistor, TFT) generally as an active element formed on the glass substrate is used, this is based on the following 
reason. That is, it is not realistic for the size to become comparatively large-sized on the property in which an organic 
EL display is a direct viewing type, and to use a single-crystal-silicon substrate from cost, restrictions of a 
manufacturing facility, etc. for formation of an active element. From this situation, a comparatively large-sized glass 
substrate is used with an active-matrix type organic EL display, and, usually TFT with comparatively easy forming on 
it as an active element is used. However, the amorphous silicon used for formation of TFT and contest polysilicon have 
bad crystallinity compared with single crystal silicon, and since the controllability of a conduction mechanism is bad, it 
is known that formed TFT has large dispersion in a property. Usually, in forming the polysilicon contest TFT on a 
comparatively large-sized glass substrate especially, in order to avoid problems, such as heat deformation of a glass 
substrate, although the laser annealing method is used, it is difficult for a big glass substrate to irradiate laser energy 
uniformly, and it is not avoided that the state of crystallization of contest polysilicon produces dispersion by the place 
in a substrate. 

[0009] Consequently, it is not rare that the Vth (threshold) differs also in TFT formed on the same substrate V or more 
[ 1 ] by the pixel depending on hundreds of mV and the case, either. Although the same signal potential Vw is written 
in to a different pixel in this case, as a result of Vth's varying by the pixel, according to (1) formula shown above, the 
current Ids which flows to OLED varies greatly for every pixel, at all, from a desired value, cannot bring a shifting 
result and cannot expect quality of image high as a display. This can say that the same is said of dispersion in each 
parameter of not only Vth but the carrier mobility mu etc. formulas (1). Moreover, it is not avoided that a certain grade 
changes dispersion in each above-mentioned parameter with not only dispersion between the above pixels but every 
manufacture lot and every product. In such a case, although it is necessary to determine about how the data-line 
potential Vw should be set up according to completion of each parameter of (1) formula for every product to the 
current Ids of the request which should be passed to OLED, about aging of the TFT property it is not only unreal, but 
produced by property change of TFT by environmental temperature, and further prolonged use in the mass-production 
process of a display, it is very difficult for this to take a cure. About the pixel circuit made in view of the problem 
above-mentioned [ this invention ], and its drive method, the purpose is not based on property dispersion of the active 
element inside a pixel, but supplies desired current to the light emitting device of each pixel stably and correctly, and is 
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to offer the display which can display a picture high-definition as the result. The purpose of suppressing the leakage 
current of the sub threshold level which flows to TFT which drives OLED especially, and preventing fine 
luminescence of a pixel, with attaining high-definition image display is carried out. 
[0010] 

[Means for Solving the Problem] The following meanses were provided in order to attain the above-mentioned 
purpose. Namely, the data-line drive circuit containing the current source which this invention generates the signal 
current which has the scanning-line drive circuit which chooses the scanning line one by one, and the current level 
according to brightness information, and is serially supplied to the data line, While being allotted to the intersection of 
each scanning line and each data line, it is the display equipped with two or more pixels containing the current drive 
type light emitting device which emits light in response to supply of drive current, the pixel concerned The accession 
department which incorporates the signal current from the data line concerned when the scanning line concerned is 
chosen, The transducer which once changes the current level of the incorporated signal current into a voltage level, and 
holds it, The mechanical component which passes the drive current which has the current level according to the held 
voltage level to the light emitting device concerned is included, the aforementioned transducer The insulated-gate type 
field-effect transistor for conversion equipped with the gate, the source, the drain, and the channel, The capacity linked 
to this gate is included, the aforementioned insulated-gate type field-effect transistor for conversion This gate is made 
to generate the voltage level which passed the signal current incorporated by this accession department to this channel, 
and was changed, and the aforementioned capacity holds the voltage level produced to this gate, the aforementioned 
mechanical component The insulated-gate type field-effect transistor for a drive equipped with the gate, a drain, the 
source, and the channel is included, the aforementioned insulated-gate type field-effect transistor for a drive The drive 
current which accepts in the gate the voltage level held at this capacity, and has the current level according to it is 
passed to this light emitting device through a channel. The aforementioned insulated-gate type field-effect transistor for 
a drive is set up so that the threshold voltage may not become lower than the threshold voltage of the insulated-gate 
type field-effect transistor for conversion which corresponds within a pixel. Specifically, the aforementioned insulated- 
gate type field-effect transistor for a drive is set up so that the gate length may not become shorter than the gate length 
of the insulated-gate type field-effect transistor for conversion which corresponds within a pixel. Or the 
aforementioned insulated-gate type field-effect transistor for a drive is set up so that the gate insulator layer may not 
become thinner than the gate insulator layer of the insulated-gate type field-effect transistor for conversion which 
corresponds within a pixel. Or the aforementioned insulated-gate type field-effect transistor for a drive adjusts the high 
impurity concentration injected into a channel, and it is set up so that it may not become lower than the threshold 
voltage of the insulated-gate type field-effect transistor for conversion to which the threshold voltage corresponds 
within a pixel. Preferably, the aforementioned insulated-gate type field-effect transistor for a drive operates by the 
saturation region, and passes the drive current according to the difference of the voltage level and threshold voltage 
which were impressed to the gate to this light emitting device. Moreover, the gate of the aforementioned insulated-gate 
type field-effect transistor for conversion and the gate of the aforementioned insulated-gate type field-effect transistor 
for a drive are connected directly, current Miller circuit is constituted, and it is made for the current level of the signal 
current and the current level of drive current to serve as proportionality. Moreover, the aforementioned transducer 
contains the insulated-gate type field-effect transistor for a switch inserted between the drain of this insulated-gate type 
field-effect transistor for conversion, and the gate. This insulated-gate type field-effect transistor for a switch While 
flowing when changing the current level of the signal current into a voltage level, connecting electrically the drain and 
the gate of this insulated-gate type field-effect transistor for conversion and making the gate produce the voltage level 
on the basis of the source This insulated-gate type field-effect transistor for a switch is intercepted when holding a 
voltage level in this capacity, and it separates this capacity linked to the gate of this insulated-gate type field-effect 
transistor for conversion, and this from a drain. Preferably, the aforementioned light emitting device uses organic 
electroluminescent element. Preferably, the aforementioned insulated-gate type field-effect transistor for a drive and 
the insulated-gate type field-effect transistor for conversion are the TFT which formed the source, the drain, and the 
channel by the polycrystal semiconductor thin film. 

[001 1] The pixel circuit of this invention has the following feature. In the first place, the writing of the brightness 
information to a pixel is performed by passing the signal current of the size according to brightness to the data line, and 
the current produces the voltage between the gate [ between / the source drains of the insulated-gate type field-effect 
transistor for conversion inside a pixel ] sources according to the current level as a result of a flow. The voltage 
between the gate sources produced [ second ] in the above or gate potential was formed in the interior of a pixel, or is 
held by operation of the capacity which exists parasitically, and after a write-in end maintains the level in general 
during the predetermined period. The aforementioned insulated-gate type field-effect transistor for conversion itself 
[ which was connected to it and the serial ] or it is controlled by the insulated-gate type field-effect transistor for a 
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drive by which was independently prepared in the interior of a pixel and common connection was made in this 
insulated-gate type field-effect transistor for conversion, and the gate, and the current which flows [ third ] to OLED is 
-in general equal to the voltage of the insulated-gate type field-effect transistor for conversion which the voltage 
between the gate sources in the case of an OLED drive produced according to the first feature between The data line 
and the interior of a pixel flow in the fourth by the insulated-gate type field-effect transistor for taking in controlled by 
the 1st scanning line at the time of writing, and between the gate drains of the aforementioned insulated-gate type field- 
effect transistor for conversion connects with it too hastily by the insulated-gate type field-effect transistor for a switch 
controlled by the 2nd scanning line. When it collects above, it is the remarkable feature to be given in the form of 
current value in the display of this invention to brightness information having been given in the form of a voltage value 
in the conventional example, i.e., for it to be a current writing type. 

[0012] this invention is not based on property dispersion of TFT, as already stated, but although it aims at passing 
desired current to OLED correctly, the above-mentioned first or the fourth feature explains the reason for the ability to 
attain this purpose below. In addition, TFT3 and the insulated-gate type field-effect transistor for a switch are described 
[ the insulated-gate type field-effect transistor for conversion / TFT1 and the insulated-gate type field-effect transistor 
for a drive ] for TFT2 and the insulated-gate type field-effect transistor for taking in as TFT4 below. However, this 
invention is not restricted to TFT (TFT), and its single crystal silicon transistor created by a single-crystal-silicon 
substrate and the SOI substrate is large, and it can adopt it by using an insulated gate field effect transistor as an active 
element. Now, voltage between the gate sources which produces the signal current passed to TFT1 in TFT1 as a result 
of [ its ] Iw is set to Vgs at the time of the writing of brightness information. Since between the gate drains of TFT1 has 
connected too hastily by TFT4 at the time of writing, TFT1 operates by the saturation region. Therefore, Iw is given by 
the following formulas. 

Iw=mu 1, Coxl, and Wl/Ll/2(Vgs-Vthl) 2 - (3) 

In the case of the aforementioned (1) formula, the meaning of each parameter applies here. Next, current level will be 
controlled by TFT2 by which Idrv is connected to OLED and a serial if the current which flows to OLED is set to Idrv. 
In this invention, since the voltage between the gate sources is in agreement with Vgs of (3) formulas, if it assumes that 
TFT2 operates by the saturation region, the following formulas will be realized. 
Idrv=mu 2, Cox2, and W2/L2/2(Vgs-Vth2) 2 - ( 4) 

In the case of the aforementioned (1) formula, the meaning of each parameter applies. In addition, generally the 
conditions for insulated-gate electric field effect type TFT operating by the saturation region are given by the following 
formulas by making Vds into the voltage between the drain sources. 
| Vds|>|Vgs-Vth| - (5) 

[0013] Here, since it is approached and formed in the interior of a small pixel, TFT1 and TFT2 are profile mul=mu2 
and Coxl=Cox2, and unless especially creativity is put, they are considered to be Vthl=Vth2. Then, the following 
formulas are easily drawn from (3) formulas and (4) formulas at this time. 
Idrv/Iw=(W2/L2)/(Wl/Ll) - (6) 

Although it is common in (3) formulas and (4) formulas that the value of mu, Cox, and Vth itself varies for every pixel, 
every product, and every manufacture lot as for the point which it should be careful of here, since (6) formulas do not 
contain these parameters, I hear that it is not dependent on these dispersion, and there is a value of Idrv/Iw. If it designs 
with W1=W2 and L1=L2, Idrv/Iw=l, i.e., Iw and Idrv, will become the same value. That is, it is not based on property 
dispersion of TFT, but since the drive current Idrv which flows to OLED becomes the same as that of the signal current 
Iw correctly, the luminescence brightness of OLED is correctly controllable as a result. 

[0014] since [ as mentioned above, ] Vthl of TFT 1 for conversion and Vth2 of TFT2 for a drive are fundamentally the 
same — both TFT — mutual — if the signal level of cut-off level is impressed to the gate in the common potential to boil 
— TFT1 and TFT2 — it must be in both non-switch-on However, Vth2 may become low rather than Vthl according to 
factors, such as dispersion in a parameter, also within a pixel in fact. At this time, since the leakage current of sub 
threshold level flows to TFT2 for a drive, OLED presents fine luminescence. The contrast of a screen falls by this fine 
luminescence, and a display property is spoiled. Then, especially in this invention, it has set up so that the threshold 
voltage Vth2 of TFT2 for a drive may not become lower than the threshold voltage Vthl of TFT1 for conversion which 
corresponds within a pixel. For example, even if it makes gate length L2 of TFT2 longer than the gate length LI of 
TFT1 and changes the process parameter of such TFT, it is made for Vth2 not to become lower than Vthl . It is 
possible for this to suppress very small current leak. 
[0015] 

[Embodiments of the Invention] D raw ing 1 is the example of the pixel circuit by this invention. Others [ transistor / for 
a drive / TFT 2 / which controls the drive current which flows to the light emitting device which this circuit becomes 
from the transistor TFT 1 for conversion to which the signal current flows, an organic EL element, etc. ], By control of 
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the transistor TFT 3 for taking in which connects or intercepts a pixel circuit and data-line data by control of the 1 st 
scanning line scanA, and the 2nd scanning line scanB It consists during a write-in period of the capacity C and the light 
emitting device OLED for after a write-in end holding the voltage between the gate sources of the transistors TFT4 and u 
TFT1 for a switch which short-circuit the gate drain of TFT 1 . Although TFT3 is constituted drawing 1 and the 
transistor of NMOS and others is constituted from a PMOS, this needs to be an example and does not necessarily need 
to be this passage. Although the terminal of one of these is connected to the gate of TFT1 and the other-end child is 
connected to Vdd (power supply potential), fixed potentials not only Vdd but arbitrary are sufficient as capacity C. The 
cathode (cathode) of OLED is connected to grounding potential. 

[0016] The display fundamentally applied to this invention is equipped with two or more pixels containing the current 
drive type light emitting device OLED which emits light in response to supply of drive current while it is arranged on 
the intersection of the data-line drive circuit containing the current source CS which generates the signal current Iw 
which has the scanning-line drive circuit which chooses the scanning lines scanA and scanB one by one, and the 
current level according to brightness information, and is serially supplied to data-line data, and each scanning lines 
scanA and scanB and each data-line data. The pixel concerned shown in drawing 1 as a feature matter consists of the 
accession department which incorporates the signal current Iw from the data-line data concerned, a transducer which 
once changes the current level of the incorporated signal current Iw into a voltage level, and holds it, and a mechanical 
component which passes the drive current which has the current level according to the held voltage level to the light 
emitting device OLED concerned, when the scanning line scanA concerned is chosen. Specifically, the aforementioned 
accession department consists of a transistor TFT 3 for taking in. The aforementioned transducer contains the capacity 
C connected with TFT TFT1 for conversion equipped with the gate, the source, the drain, and the channel at the gate. 
TFT TFT1 for conversion makes the gate generate the voltage level which passed to the channel the signal current Iw 
incorporated by accession department, and was changed, and capacity C holds the voltage level produced to the gate. 
Furthermore, the aforementioned transducer contains TFT TFT4 for a switch inserted between the drain of TFT TFT1 
for conversion, and the gate. When changing the current level of the signal current Iw into a voltage level, it flows 
through TFT TFT4 for a switch, and it connects electrically the drain and the gate of TFT TFT1 for conversion, and 
makes the gate of TFT1 produce the voltage level on the basis of the source. Moreover, TFT TFT4 for a switch is 
intercepted when holding a voltage level in capacity C, and it separates the capacity C linked to the gate of TFT TFT1 
for conversion, and this from the drain of TFT 1. 

[0017] Furthermore, the aforementioned mechanical component contains TFT TFT2 for a drive equipped with the gate, 
a drain, the source, and the channel. TFT TFT2 for a drive passes the drive current which accepts in the gate the 
voltage level held at capacity C, and has the current level according to it to a light emitting device OLED through a 
channel. The gate of TFT TFT1 for conversion and the gate of TFT TFT2 for a drive are connected directly, current 
Miller circuit is constituted, and it was made for the current level of the signal current Iw and the current level of drive 
current to serve as proportionality. TFT TFT2 for a drive operates by the saturation region, and passes the drive current 
according to the difference of the voltage level and threshold voltage which were impressed to the gate to a light 
emitting device OLED. 

[0018] As a feature matter of this invention, TFT TFT2 for a drive is set up so that the threshold voltage may not 
become lower than the threshold voltage of TFT TFT1 for conversion which corresponds within a pixel. Specifically, 
TFT2 is set up so that the gate length may not become shorter than the gate length of TFT 1 . Or you may set up TFT2 
so that the gate insulator layer may not become thinner than the gate insulator layer of TFT1 which corresponds within 
a pixel. Or TFT2 may adjust the high impurity concentration injected into the channel, and it may set it up so that it 
may not become lower than the threshold voltage of TFT 1 to which a threshold voltage corresponds within a pixel. As 
for TFT1 and TFT2, both should be turned off if the signal level of cut-off level is impressed to the gate of both the 
TFT by which common connection was made when it sets up temporarily so that the threshold voltage of TFT 1 and 
TFT2 may become the same. However, dispersion in a process parameter is also in a pixel slightly in fact, and the 
threshold voltage of TFT2 may become low from the threshold voltage of TFT 1. At this time, since the feeble current 
of sub threshold level flows to TFT2 for a drive, as for OLED, the signal level below cut-off level also fine-emits light, 
and the contrast fall of a screen appears. Then, in this invention, gate length of TFT2 is made longer than the gate 
length of TFT1 . Even if it changes the process parameter of TFT within a pixel, it is made for the threshold voltage of 
TFT2 not to become lower than the threshold voltage of TFT 1 by this. 

[0019] Drawing 2 is a graph which shows gate-length L of TFT, and the relation of a threshold voltage Vth. In the 
comparatively short short-channel-effect field A, Vth goes up [ gate-length L ] with the increase in gate-length L. On 
the other hand, in the comparatively big suppression field B, gate-length L is not concerned with gate-length L, but 
Vth's is simultaneously regularity. By this invention, gate length of TFT2 is made longer than the gate length of TFT 1 
using this property. For example, when the gate length of TFT 1 is 7 micrometers, gate length of TFT2 is set to about 
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10 micrometers. While the gate length of TFT 1 belongs to the short-channel-effect field A, you may make it the gate 
length of TFT2 belong to the suppression field B. Thereby, while being able to suppress the short channel effect in 
-TFT2, the threshold- voltage reduction by change of a process parameter can be suppressed. By the above, the leakage 
current of the sub threshold level which flows to TFT2 can be suppressed, fine luminescence of OLED can be 
suppressed, and it can contribute to a contrast improvement. 

[0020] Drawing 3 expresses typically the cross-section structure of the pixel circuit shown in drawing 1 . However, in 
order to make illustration easy, only OLED and TFT2 are expressed. OLED piles up a reflector 10, the organic EL 
layer 11, and a transparent electrode 12 in order. Common connection of the transparent electrode 12 which has 
separated the reflector 10 for every pixel and functions as an anode of OLED is made between pixels, and it functions 
as a cathode of OLED. That is, common connection of the transparent electrode 12 is made at the predetermined power 
supply potential Vdd. The organic EL layer 1 1 serves as a bipolar membrane which piled up for example, the electron 
hole transporting bed and the electronic transporting bed. For example, the vacuum evaporationo of the Diamyne is 
carried out as an electron hole transporting bed on the reflector 10 which functions as an anode (hole-injection 
electrode), the vacuum evaporationo of Alq3 is carried out as an electronic transporting bed on it, and the transparent 
electrode 12 which functions as a cathode (electron-injection electrode) on it further is formed. In addition, Alq3 is 8- 
hydroxy. quinoline aluminum is expressed. OLED which has such a laminated structure is only an example. If the 
voltage (about 1 0V) of the forward direction is impressed between the anode/cathode of OLED which has this 
composition, pouring of carriers, such as an electron and an electron hole, will take place, and luminescence will be 
observed. Operation of OLED is considered to be luminescence by the exciton formed from the electron hole poured in 
from the electron hole transporting bed, and the electron poured in from the electronic transporting bed. 
[0021] On the other hand, TFT2 consists of the gate electrode 2 formed on the substrate 1 which consists of glass etc., 
a gate insulator layer 3 put on the upper surface, and a semiconductor thin film 4 piled up above the gate electrode 2 
through this gate insulator layer 3. This semiconductor thin film 4 consists for example, of a polycrystal silicon thin 
film. TFT2 is equipped with Source S, Channel Ch, and Drain D used as the path of the current supplied to OLED. 
Channel Ch is exactly located in right above [ of the gate electrode 2 ]. TFT2 of this bottom gate structure is covered 
with the layer insulation film 5, and the source electrode 6 and the drain electrode 7 are formed on it. On these, OLED 
mentioned above through another layer insulation film 9 is formed. In addition, in the example of drawing 3 , in order 
to connect the anode of OLED to the drain of TFT2, P channel TFT is used as TFT2. 

[0022] Here, gate-length L of TFT2 is set up so that it may become longer than the gate length of TFT1 (not shown). 
Or you may make thickness d of the gate insulator layer 3 of TFT2 larger than the thickness of the gate insulator layer 
of TFT1 . The threshold voltage of TFT goes up, so that the thickness of a gate insulator layer becomes large. 
Depending on the case, an impurity is alternatively injected into the channel Ch of TFT2, and a threshold voltage may 
be adjusted. What is necessary is just to dope Impurity P or As alternatively to Channel Ch, in order to shift the 
threshold voltage to an enhancement side more in the case of TFT2 of a P channel. 

[0023] Next, with reference to drawing 4 , the drive method of the pixel circuit shown in drawing 1 is explained 
briefly. First, at the time of writing, the 1st scanning line scanA and the 2nd scanning line scanB are made into a 
selection state. In the example of drawin g 4 , scanA is made into the low and scanB is made into a high level. By 
connecting a current source CS to data-line data, where both the scanning lines are chosen, the signal current Iw 
according to brightness information flows to TFT1 . A current source CS is a source of a good transformation style 
controlled according to brightness information. At this time, since it has connected too hastily electrically by TFT4 
between the gate drains of TFT 1, (5) formulas are materialized, and TFT1 operates by the saturation region. Therefore, 
between the gate source, the voltage Vgs given by (3) formulas arises. Next, scanA and scanB are made into the state 
where it does not choose. In detail, TFT4 is first made into an off state by making scanB into a low. Vgs is held by this 
with capacity C. Next, since a pixel circuit and data-line data are electrically intercepted by making scanA into a high 
level and setting to OFF, the writing to another pixel can be performed through data-line data after that. Here, although 
the data which a current source CS outputs as current level of the signal current need to be effective when scanB is un- 
choosing, let them after that be arbitrary level (for example, write-in data of the following pixel). Since common 
connection of TFT 1, the gate, and the source is made [ both ] and TFT2 is approached and formed in the interior of a 
small pixel, if TFT2 is operating by the saturation region, the current which flows TFT2 will be given by (4) formulas, 
and will turn into the drive current Idrv which flows to this, i.e., OLED. What is necessary is just to give sufficient 
power supply potential to Vdd so that (5) formulas may be materialized in addition even if it takes the voltage drop in 
OLED into consideration, in order to operate TFT2 by the saturation region. 

[0024] Drawing 5 is the example of the display which arranged the pixel circuit of drawing 1 in the shape of a matrix, 
and constituted it. The operation is explained below. First, a perpendicular start pulse (VSP) is inputted into the 
scanning-line drive circuit B23 which contains a shift register as well as the scanning-line drive circuit A21 containing 
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a shift register. The scanning-line drive circuit A21 and the scanning-line drive circuit B23 choose the 1st scanning line 
scanAl - scanAN, the 2nd scanning line scanBl - scanBN one by one synchronizing with a perpendicular clock 
(VCKA, VCKB), respectively, after receiving VSP. Corresponding to each data-line data, the current source CS is 
formed in the data-line drive circuit 22, and the data line is driven on the current level according to brightness 
information. A current source CS consists of voltage / a current conversion circuit of illustration, and outputs the signal 
current according to the voltage showing brightness information. The signal current flows to the pixel on the selected 
scanning line, and current writing is performed per scanning line. Each pixel starts luminescence by the intensity 
according to the current level. However, VCKA is slightly delayed by the delay circuit 24 to VCKB. Thereby, as 
shown in drawing 4 , scanB is un-choosing in advance of scanA. 
[0025] 

[Effect of the Invention] According to the pixel circuit and its driving method of this invention, it is possible to pass the 
drive current Idrv which is not based on property dispersion of active elements (TFT etc.), but is proportional to the 
signal current Iw correctly from the data line (or correspondence) to current drive type light emitting devices (organic 
EL element etc.). Since each pixel can be made to emit light by desired brightness correctly by arranging a majority of 
such pixel circuits in the shape of a matrix, it is possible to offer high-definition active-matrix type display. By setting 
up the threshold voltage of TFT for a drive especially, so that it may not become lower than the threshold voltage of 
TFT for conversion, the leakage current which flows to a light emitting device is suppressed, with fine luminescence of 
a light emitting device is suppressed. It becomes possible to improve the contrast of current drive type display, such as 
an organic EL display, and to raise quality of image by this. 
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* NOTICES * 

,Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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